Abstract Focal segmental glomerulosclerosis (FSGS) is classified into five variants, with the collapsing variant being the most rare. Collapsing FSGS is characterized by a black racial predominance and is often associated with human immunodeficiency virus-associated nephropathy. However, the number of idiopathic cases is increasing and the presentation of non-black patients becoming more routine. Our analysis of 15 previous reports investigating FSGS variants shows that the collapsing variant accounts for 10.6 % of FSGS cases and its average age of onset is 32 years old. The current case is one of the oldest cases of idiopathic collapsing FSGS identified, being an 81-year-old Japanese woman. She presented with severe renal insufficiency (serum creatinine 7.9 mg/dL, albumin 1.5 g/dL) and so underwent hemodialysis immediately. Urinalysis demonstrated 3? proteinuria and 3? hematuria and the serological work up was all negative. Renal biopsy showed wrinkling of capillary walls with collapse lumens in every glomerulus, without endothelial tubuloreticular inclusions. Combined treatment with steroids, cyclosporine and lowdensity lipoprotein apheresis increased urine output slightly but she was unable to withdraw from hemodialysis and died 3 months later. This variant is reported to have the highest rate of progression to end-stage renal disease, regardless of the therapeutic intervention. However, there are also examples of cases with partial or complete remission in the literature. Progressive cases, like the current case, seem to be difficult to induce remission in, so it is important to diagnose idiopathic collapsing FSGS at an early stage by performing a renal biopsy, even in elderly patients.
Introduction
Focal segmental glomerulosclerosis (FSGS) is one of the major causes of nephrotic syndrome in young people. It is classified into five variants according to the Columbia classification published in 2004: FSGS not otherwise specified (NOS), perihilar variant, tip variant, cellular variant and collapsing variant [1] . The collapsing variant of FSGS was first described as collapsing glomerulopathy by Weiss et al. [2] . Thereafter, it was seen frequently in HIVinfected individuals, especially black people, and the concept of human immunodeficiency virus-associated nephropathy (HIVAN) was established. Most cases of collapsing FSGS other than HIVAN are idiopathic. However, there are other secondary causes including infection by parvovirus B19, drugs such as bisphosphonate, interferon-a, anabolic steroids and heroin, autoimmune diseases, malignancies, genetic factors and renal transplantation. The incidence of collapsing FSGS is not high, but the number of cases appears to be gradually increasing [3] . Moreover, this variant is reported to have the poorest prognosis, with the highest rate of presenting steroid-resistant nephrotic syndrome, renal insufficiency and end-stage renal disease (ESRD). This is a rare case of idiopathic collapsing FSGS in an elderly non-black woman. At presentation she demonstrated severe renal insufficiency and was unable to withdraw from hemodialysis, despite multidisciplinary therapy.
Case report
An 81-year-old Japanese female with a medical history of hypertension, hyperlipidemia and mental disorder was admitted to our hospital mid-November 2014 for slight disturbance of consciousness the previous day and an edematous state of 6 months' duration. There was no medical or family history of renal disease. A physical examination revealed the following: height 165 cm, weight 80 kg (20 kg greater than usual), blood pressure of 131/50 mmHg, pulse rate of 87 beats/min, and a temperature of 35.9°C. The laboratory data indicated severe renal dysfunction (serum urea nitrogen 90.5 mg/dL, creatinine 7.9 mg/dL), hypoproteinemia (serum total protein 4.4 g/dL, albumin 1.5 g/dL) and hyperlipidemia (total cholesterol 239 mg/dL, low-density lipids 160 mg/dL). Urinalysis demonstrated 3 ? proteinuria and 3 ? hematuria. Twenty-four-hour urine protein could not be measured because of anuria. Serum immunoglobulins (IgG, IgA, IgM) and complement (C3, C4, CH50) levels were within normal reference ranges. The serological workup was negative for anti-nuclear autoantibodies (ANA), anti-glomerular basement membrane (GBM) autoantibodies, myeloperoxidase anti-neutrophil cytoplasm autoantibodies (MPO-ANCA), proteinase 3 (PR3)-ANCA, hepatitis B virus (HBV) and HCV. The renal ultrasound showed normal-sized kidneys and the X-ray showed cardiac dilation and severe bilateral pleural effusion. We started hemodialysis immediately. Her state of consciousness returned to normal but anuria continued, therefore renal biopsy was performed 8 days after admission.
Light microscopy revealed a total of 26 glomeruli, five of which were completely sclerotic. Every glomerulus showed wrinkling and collapse of capillary loops with occlusive lumina. Eight glomeruli also presented with prominent hyperplasia and hypertrophy of the epithelial cells, filling in the Bowman's space (Fig. 1a, b) . Cystic dilatation of tubules was occasionally noted (Fig. 1c) . Immunofluorescence was negative for immunoglobulins and complement components. Electron microscopy revealed wrinkling and collapse of capillary walls but no electron-dense deposit was identified (Fig. 2a) . Severe podocyte foot process effacement and focally detachment of glomerular epithelial cells indicate epithelial cell damages, suggesting FSGS (Fig. 2a, b) . Endothelial tubuloreticular inclusions were not observed (Fig. 2c ).
Additional serological tests for HIV and parvovirus B19 were both negative and the patient never used bisphosphonate, interferon-a, anabolic steroids or any illegal drugs. We thus diagnosed her with idiopathic collapsing variant of FSGS. Oral prednisolone at 0.8 mg/kg/day and oral cyclosporine at 2.0 mg/kg/day were started 14 and 23 days after admission, respectively; however, her urine output failed to increase. Thereafter, corticosteroid psychosis gradually emerged, so the dosage of prednisolone was tapered to 0.2 mg/kg/day. Forty days after admission, we started additional treatment with low-density lipoprotein apheresis (LDL-A). We used polysulfone hollow fiber filters (Sulflux FP-08, Asahi Kasei Corp., Tokyo, Japan) as the plasma separator and dextran sulfate cellulose columns (Liposorber LA-15, Kaneka Corp., Osaka, Japan) as the LDL absorber and processed approximately 60 ml/kg plasma volume per session. The session interval was twice a week and a total of 11 sessions were performed. After six sessions her urine output gradually and slightly increased from almost 0 to 150 ml/day but she remained dependent upon hemodialysis. We determined that her renal dysfunction was incurable and irreversible, so discontinued cyclosporine and decreased prednisolone 91 days after admission. Her general condition deteriorated and she died suddenly from respiratory failure 6 days later.
Discussion
The most common causes of collapsing FSGS are either HIVAN or idiopathic. There are other secondary causes including infection with parvovirus B19, drugs such as bisphosphonate, especially pamidronate, interferon-a, anabolic steroids and heroin, autoimmune diseases, malignancies, genetic factors and renal transplantation [4] . Any of these factors may damage visceral epithelial cells, leading to collapsing FSGS. To determine the cause, we should carefully check for specific antigens and antibodies, drug history and family history. In renal pathology, it is essential to identify endothelial tubuloreticular inclusions, which are 23-25 nm subcellular organelles characterized by small clusters of anastomosing tubule-like structures. These structures can be identified in cases with HIVAN, collagen vascular diseases such as lupus nephritis and interferon-a-induced FSGS [5] . In this case we could not find this structure or any factors suggesting these secondary causes, therefore we diagnosed the patient with idiopathic collapsing FSGS.
Collapsing FSGS is reported to be a rare variant characterized by black racial predominance. Using PubMed, we searched for previous reports comparing FSGS variants based on the Columbia classification published in 2004, and found 19 reports from 10 countries. Four reports targeting children only were excluded, so 15 reports were left [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . We analyzed the remainder and the results are shown in Table 1 . The total number of FSGS cases was 2181 and among them 232 cases were classified as the collapsing variant. Thus, the collapsing variant accounts for approximately 10.6 % of FSGS cases. The proportion of collapsing FSGS varied from 0.9 to 36.6 % by country. The collapsing variant has been said to have the strongest association with black race and it was thus reasonable that the reports from the USA had a higher proportion of positive cases [6, 7, 15] . However, it was unexpected therefore that in the report from Senegal, where almost all the subjects were black, the proportion was only 7.1 % [10] . Furthermore, the ratio in East Asia was generally low; 0.9 % in Korea, 6.9 and 6.7 % in China [8, 17, 19] . However, the proportion was much higher in a Japanese report (16.3 %) [12] . Similarly, in Latin America, the percentage was also quite different by country; 36.6 % in Brazil and 3.4 % in Colombia [13, 16] . In conclusion, there might be slight regional or racial differences but there is a distinct difference between countries in the same region. There is a possibility that the ability to diagnose this variant differs from country to country, but the main reason for the difference remains unknown.
FSGS generally develops in young people, which applies to all types of variants. Our analysis of 15 previous reports showed that the average age of onset of collapsing FSGS was 32 years old ( Table 1) . As we excluded reports targeting only children, and there were several reports targeting only adults, the average age of onset might actually be younger in practice. The current case was therefore notable, being a case of idiopathic collapsing FSGS developing in an 81-year-old Japanese woman. To the best of our knowledge, there are only two reports older than the current case; an 84-year-old Japanese case, which was not published in English, and an 84-year-old Korean case [19] .
The collapsing variant of FSGS has been reported to be the most intractable. It has the highest rate of presenting nephrotic syndrome and renal insufficiency, and of progression to ESRD regardless of therapeutic intervention. In Hass et al.'s analysis, there was an apparent difference in the percentage of cases progressing to ESRD between collapsing and classic FSGS patients (71 versus 20 %, P \ 0.05) [21] . Similarly, Grcevska et al. found that within 5 years 100 % of collapsing FSGS patients, but only 41.4 % of classic FSGS patients, reached ESRD (P = 0.025) [22] . However, other studies found that not every case progresses to ESRD and some cases achieved complete remission after intensive therapy, including steroids and immunosuppressive agents such as cyclophosphamide, cyclosporine and mycophenolate mofetil. Albaqumi et al. reported that the proportion of complete and partial remissions was 9.6 and 15.2 %, respectively [23] . No therapies are yet established for the collapsing variant of FSGS, so we suggest using therapies designed for steroid-resistant FSGS, where the collapsing variant accounts for a certain part of the disease. The combination therapy of steroids and cyclosporine is thought to be one of the most efficient in steroid-resistant FSGS [24] . In the current case, the patient demonstrated severe renal insufficiency at presentation so immediately underwent hemodialysis. There were minimal chronic changes in her kidney biopsy specimen, so we judged that remission might be possible and therefore instigated intensive treatment. Oral prednisolone and cyclosporine were started but because of corticosteroid psychosis, the dosage of steroid had to be tapered. Recently, immediate LDL-A therapy was reported to be effective for drug-resistant nephrotic syndrome, particularly for FSGS [25] . Persistent elevation of LDL has been revealed to induce glomerular and tubulointerstitial damage. Furthermore, increased bioavailability of steroid and calcineurin inhibitors is known to be impaired under hyperlipidemic conditions. Therefore, in theory, lowering lipids by LDL-A is thought to be effective. A multicenter prospective study, POLARIS (Prospective Observational Survey on the Long-Term Effects of LDL Apheresis on Drug-Resistant Nephrotic Syndrome), revealed that LDL-A might provide early remission in approximately half of drug-resistant nephrotic syndrome patients (25/47, 53.1 %) [26] . We performed a total of 11 sessions of LDL-A. After six sessions the patient's urine output gradually increased from almost 0 to 150 ml/day but she remained dependent upon hemodialysis. It was reported that the earlier LDL-A is performed, the more nephrotic syndrome improves. In our case, the diagnosis was too late and renal damage had accumulated to the extent where a therapeutic response was not expected. Therefore, while we cannot judge the therapeutic efficacy of LDL-A by this case alone, we think it may be worth performing because it has few side effects.
Collapsing FSGS is a rare variant of FSGS and it is reported to be characterized by black racial predominance and is often associated with HIVAN. FSGS develops in young people and there are few cases in elderly people. Thus it was excluded from the differential diagnosis of nephrotic syndrome in older people, especially non-black and non-HIV-positive people. However, cases of non-black people are becoming more routine and the number of idiopathic collapsing FSGS cases is gradually increasing. Exposure to unknown infections, chemical agents or other environmental factors might account for this. Elderly people also sometimes do not undergo an invasive kidney biopsy, so they may remain underdiagnosed. This variant has the highest rate of progression to ESRD, but if diagnosed early some cases can undergo complete remission by various therapies. Progressive cases, like the current case, seem to be difficult to induce remission in, so it is important to diagnose idiopathic collapsing FSGS at an early stage by performing a renal biopsy, even in elderly people.
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